Resultados: A dispersão do QT foi significativamente maior em crianças obesas, jogadores de basquete, jogadores de futebol e nadadores, por comparação com o grupo controlo (p < 0,05, p < 0,001, < 0,001 e < 0,01, respetivamente). Os jogadores de basquetebol tiveram a maior dispersão do QT. O diâmetro ventricular esquerdo endosistólico (mm/m 2 ) foi maior nos jogadores, nadadores, lutadores e jogadores de ténis por comparação com indivíduos obesos. A espessura do septo interventricular na diástole foi maior em nadadores por comparação com o grupo controlo (p < 0,001) e a espessura da parede posterior do ventrículo esquerdo foi significativamente maior nos jogadores e nadadores por comparação a indivíduos saudáveis (p < 0,01 e p < 0,001, respetivamente). A geometria do ventrículo esquerdo foi normal em 84 pacientes (47,1%), mas 34 pacientes (19,1%) tinham remodelação concêntrica, 20 (22,4%) apresentaram hipertrofia concêntrica e 40 (28,6%) apresentaram hipertrofia excêntrica. Não foi observada hipertrofia concên-trica e excêntrica em indivíduos obesos. A hipertrofia do ventrículo esquerdo era proeminente nos grupos dinâmico e combinado mas a diferença não foi estatisticamente significativa (p = 0,204). A dispersão do QT foi significativamente maior nos obesos e praticantes de desporto dinâmico e combinado em relação ao grupo controlo (p < 0,05, p < 0,001 e p < 0,001, respetivamente). Discussão: Neste estudo determinámos que a dispersão do QT é elevada em tipos de desporto dinâmico e combinado, e em crianças obesas. Conclusão: A dispersão do QT é prolongada em pacientes obesos e atletas que participam em desporto dinâmico e combinado. Palavras-chave: Atletas; Criança; Electrocardiografia; Hipertrofia Ventricular Esquerda; Sobrepeso.
INTRODUCTION
QT variables such as QT interval, corrected QT interval (QTc), QT dispersion (QTd) and corrected QT dispersion (QTcd) reflect the regional repolarization anomalies of the ventricles. Prolonged dispersion time of ventricular repolarization is associated with increased risk of ventricular arrhythmias and sudden cardiac death.
1 Left ventricular hypertrophy, arterial hypertension and chronic heart failure can prolong QTd.
Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com Obesity may lead to functional and structural abnormalities in cardiovascular system such as left atrial and ventricular dilation, eccentric left ventricular hypertrophy and right ventricular hypertrophy, systolic and diastolic dysfunctions and heart failure. Regular participation in highlevel athletics may also lead to left ventricular enlargement, increased wall thickness and mass which is defined as 'athlete's heart'.
Various studies reported the increased QT interval in obese subjects. But in athletes the results are confusing. Few studies reported the increased QTd in athletes while some claimed the opposite. [2] [3] [4] [5] So the effect of sports in QTd is controversial.
In this study we aimed to evaluate the QT variables in obese children and young elite athletes and to determine the relationship between QT variables and different left ventricular geometries.
We aimed to evaluate the relation between QT variables and left ventricular geometry in athletes and obese children.
MATERIAL AND METHODS

Study design
This study was designed as a cross-sectional observational study.
Study population
This study included 209 children and adolescents (aged between 10 -18), who were admitted to pediatric cardiology department and general outpatient clinics from October 2011 to July 2013. Thirty-eight of them were obese, 140 were athletes (25 basketball players, 31 footballers, 45 swimmers, 23 wrestlers and 16 tennis players) and 31 were normal weighted healthy adolescents and children. Athletes from 5 different sports clubs who regularly practiced at least 3 hours per week for at least the previous 2 years were included in this study. Athletes were grouped according to the type of exercise; dynamic (football, tennis), static (wrestling), and static and combined (basketball, swimming). The parents and children were informed of the aim of the study and provided written and verbal consent, respectively and the local ethics committee approved the study.
Exclusion criteria
Children with history of functional and structural cardiovascular diseases (acquired and congenital), chronic systemic diseases, hypertension, sleep apnea, endocrinological disorders were excluded. Patients with poor image quality were also excluded.
Study protocol Baseline variables
All subjects underwent detailed physical examination. Height, weight, blood pressures were measured and body mass index were calculated for each patient.
Body mass index
Body mass index was calculated by the formula; weight (kg)/height(m). 2 Obesity was considered if body mass index exceeded the 95 th percentile for sex and age based reference values.
Blood pressure
Blood pressure was measured with an appropriate cuff after children had rested for 10 minutes in the supine position in a silent room. To avoid white coat hypertension, measurements were repeated at the end of echocardiographic examination. Participants who had systolic and diastolic blood pressure (both at least 3 different occasions) measurements below the 90th percentile for sex and height of the Turkish pediatric population were included in the study. Patients with borderline values were underwent 24-hour ambulatory monitoring to confirm the absence of hypertension.
Electrocardiographic evaluation
All the participants underwent 12-lead surface electrocardiography recorded at a speed of 25 mm/s in supine position after a 15-minutes rest. Maximum and minimum QT intervals, QTd and QTcd were measured manually with a caliper. The QT interval was measured from the beginning of QRS complex to the end of the T wave. QTd was determined as the difference between the maximum and minimum QT intervals. QTcd was determined as the difference between the maximum and minimum QTc intervals. Subjects who had bundle branch block on electrocardiography were excluded.
Echocardiographic evaluation
Transthoracic echocardiography was performed by using a Vivid 7 GE Vingmed, Horten, Norway © echocardiograph. B-Mode grayscale images were obtained from apical 4-chamber, and parasternal short-axis views at the level of the papillary muscle. M-modes of 2-Dimensional images were obtained from the parasternal long-axis views. Interventricular septal wall thickness, left ventricular posterior wall thickness, and left ventricular internal diameters were measured in all children. Cardiac chamber sizes and left ventricular systolic and diastolic functions were assessed in accordance with the guidelines of the American Society of Echocardiography. 6 Systolic functions of the left ventricular were evaluated using shortening fraction and ejection fraction. Left ventricular mass was calculated using the Devereux formula. 7 Left ventricular hypertrophy was considered if the left ventricular mass index was above the 95th percentile according to age and sex. 8 Relative wall thickness (RWT) was calculated by using the formula RWT: 2 X (posterior wall thickness/left ventricular end-diastolic volume). The athletes were classified according to LVMI and RWT.
• 
Statistical analysis
All results are expressed as mean ± standart deviation. The variables were investigated using analytical methods (Kolmogorow Simirnov-Shapiro Wilk's Test) to determine whether or not they are normally distributed. Results showed the normal distribution of variables and differences among the groups were than evaluated by analysis of variance (ANOVA) and post-hoc analysis were checked by Tukey corrected t-test. Correlations between variables were evaluated by Pearson's rank correlation test. SPSS v13.0 (SPSS Inc., Chicago, IL, USA) was used for analyses, with p values < 0.05 considered significant.
RESULTS
Clinical features
Demographic and clinical features of the study groups are summarized in Table 1 . Although in normal limits, the basketball players had the highest systolic blood pressure compared the normal subjects (p < 0.001). The obese subjects had the highest BMI value compared to control group (p < 0.001).
Electrocardiographic evaluation
The QT interval was statistically highest in basketball players compared to control group (p < 0.001). QTc and QTc dispersion were not different among all the groups. But QTd were significantly higher in obese children, basketball players, football players and swimmers compared to control group (p < 0.05, p < 0.001, < 0.001 and < 0.01 respectively). Basketball players had the highest QTd (Table 2) .
Conventional echocardiography
Left ventricular enddiastolic diameter (mm/m 2 ) was lowest in obese subjects. Left ventricular endsystolic diameter (mm/m 2 ) was significantly higher in footballers, swimmers, wrestlers and tennis players compared to obese subjects. Interventricular septal thickness at diastole (mm/ m 2 ) was highest in swimmers compared to control group (p < 0.001) and left ventricular posterior wall thickness at diastole (mm/m 2 ) was significantly higher in footballers and swimmers compared to healthy subjects (p < 0.01 and p < 0.001 respectively). Left ventricular mass index (g/ m 2 ) was statistically higher in basketballers, footballers, swimmers and wrestlers compared to control group (p < 0.001) ( Table 3) . (Table 4) .
Left ventricle hypertrophy was prominent in dynamic and combined groups but it was not statistically significant (p = 0.204) ( Table 5 ). QTd was statistically higher in obese, dynamic sports and combined sports compared to control group (p < 0.05, p < 0.001 and p < 0.001 respectively) ( Table 6 ).
DISCUSSION
In this study we determined that QTd is elevated in dynamic and combined sports types and obese children.
Obese subjects are under risk of fatal arrhythmias and 39.5 ± 9.6*** 34.1 ± 7.2 38.6 ± 6.8*** 39.8 ± 7.1*** 40.9 ± 7.4*** 31.4 ± 8.2 29.9 ± 8.1 sudden death even in the absence of clinical symptoms. [9] [10] [11] Increased heterogeneity of repolarization of the hypertrophied ventricle is the possible mechanism. 12,13 The QTd is used indirectly to determine this ventricular spatial heterogeneity of repolarization. 14 There are several studies reporting the increased QTd in obese subjects. Seyfeli et al studied the effect of obesity on P wave dispersion and QTd and concluded that obesity caused significant increase in P wave dispersion and QTd. 15 The study of Mshui et al determined that the obese subjects had a 36% greater QTd than the normal weighted subjects. 16 Pidlich et al and Seyfeli et al determined that substantial weight loss in obese subjects is accompanied by significantly decreased QTcd. [17] [18] Nigro et al reported that heterogeneous ventricular repolarization and increased QTd values are present in obese children.
19 However some studies reported no change on QTd in obese children compared to normal weighted subjects. 20 Our results concluded that QTd is increased in obese subjects compared to healthy subjects.
Regular exercise may lead to left ventricular hypertrophy caused by increased volume and pressure overload. Ventricular repolarization becomes heterogeneous which can cause fatal arrhythmias and sudden death as in obese subjects. 21 Few studies 2 reported the increased QTd in athletes but some of the which claim the opposite. [3] [4] [5] 22 So the effect of sports in QTd is controversial. In our study the athletes had the highest left ventricular enddiastolic diameter, left ventricular endsystolic diameter, interventricular septal thickness at diastole and left ventricular posterior wall thickness at diastole parameters compared to healthy subjects. Although QT, QTc interval and QTcd were similar in all groups, QTd was higher in basketballers, footballers and swimmers compared to normal subjects.
In our study we determined that athletes who participate in dynamic and combined sports had increased QTd compared to static sports. This finding was incompatible with literature. [23] [24] This result may be due to any training completed prior to the main activities of that sport (combination of isometric and isotonic exercise modalities in training prior to main sports type) , as suggested by Osborn et al. 25 Additionally, we could not find a correlation between QTc and BMI. This result was in accordance with other studies. 15, 26 The functional and structural changes in heart, hyperinsulinemia, glucose intolerance, and autonomic dysfunction may also effect the QTc interval in obese subjects. Even in the absence of any apparent complications, obesity may be accompanied by minimal asymptomatic myocardial dysfunction. 6 
CONCLUSION
In conclusion, QTd is prolonged in obese and athletes who participate dynamic and combined sports. So we suggest that long term follow-up with electrocardiographic evaluation is necessary in athletes and obese children to detect arrhythmic complications. The relatively unexpected QT dispersion results involving young people while practicing widely desired sports, must be known.
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